We use QCD sum rules, in the framework of the Heavy Quark Effective Theory, to calculate the universal form factor τ 1/2 (y) parameterizing the semileptonic transitions B → D 0 ℓν, B → D * 1 ℓν, where D 0 and D * 1 are the members of the excited charmed doublet with J P = (0 + 1/2 , 1 + 1/2 ). We include two-loop corrections in the perturbative contribution to the sum rule, and present a complete next-to-leading order result. As a preliminary part of our analysis we also compute, up to order α s , the leptonic constant F + of the doublet D 0 , D * 1 . Finally, we discuss the phenomenological implications of this calculation.
I. INTRODUCTION
points of physical interest.
Indeed, in principle these decay modes may account for a sizeable fraction of semileptonic B-decays, and consequently they represent a well-defined set of corrections to the theoretical prediction that, in the limit m Q → ∞ and under the condition (m b −m c )/(m b +m c ) → 0 (the so-called small-velocity limit), the total semileptonic B → X c decay rate should be saturated by the B → D and B → D * modes [2] . Moreover, the shape of the inclusive differential decay distribution in the lepton energy could reflect contributions from the B → D * * modes. Another important result, relevant both to phenomenology and to the critical tests of HQET, is the relation of the B → D * * form factors at zero recoil to the slope of the B → D
Isgur-Wise function, through the Bjorken sum rule [17] . Of similar interest for HQET is the test of the upper bound on such universal form factors at zero recoil, involving the heavy meson "binding energy" and the D * * − D mass splittings, that is the analog of the "optical" sum rule for dipole scattering of light in atomic physics [18, 19] .
Moreover, the Λ QCD /m Q corrections can have a role for B-decay modes into excited charmed states, that mostly occur near the zero recoil point where the corresponding transition matrix elements vanish. The shape of the lepton energy spectrum near such kinematical point including the 1/m Q corrections, that in HQET can be predicted in terms of the IsgurWise function and mesons mass splittings, represents an important test of the theory [20] .
Continuing with the aspects justifying the interest for B → D * * , let us notice that the investigation of the semileptonic B transitions to excited charm states is an important preliminary study for the theoretical analysis of the production of such states in nonleptonic B decays [21] , as well as for the identification of additional decay modes (such as D ( * ) D ( * ) π) suitable for the investigation of CP violating effects at B factories [22] .
Finally, as a byproduct of the QCD sum rule calculation, theoretical predictions about the yet unobserved D * * meson masses can be obtained, that are obviously interesting per se.
In the following we present a complete next-to-leading order evaluation of the B-meson semileptonic transition to the scalar charmed state by QCD sum rules, at the leading order of m b,c → ∞. In Sect. II we report the main aspects of the spectroscopy and decays of L = 1 qQ mesons, together with the definition of the universal form factor τ 1/2 (y). The various steps of the QCD sum rule determination of such form factor, within HQET, are collected in Sect. III and V-VII, together with the analysis, in Sect. IV, of the leptonic constant F + of the doublet D 0 , D * 1 . In Sect. VIII the phenomenological implications of our calculation are presented, together with the conclusions.
II. POSITIVE PARITY HEAVY-LIGHT MESONS
In the infinite heavy quark mass limit the spectrosopy of hadrons containing one heavy quark Q is greatly simplified, due to the decoupling of the heavy quark spin s Q from the angular momentum of the light degrees of freedom (quarks and gluons) s ℓ = J − s Q . This allows a classification of such hadronic states by J and by s ℓ , so that hadrons corresponding to the same s ℓ belong to degenerate doublets. In the case ofqQ mesons, the low-lying states with s MeV [24] , even though a 1 + 1/2 component can be contained in such physical state due to the mixing allowed for the finite value of the charm quark mass.
1
Both the states 2 + 3/2 and 1 + 3/2 decay to hadrons by d−wave transitions, which explains their narrow width; the strong coupling constant governing their two-body decays can be determined using experimental information [26] . On the other hand, the s 
where v and v ′ are four-velocities and ǫ is the D * 1 polarization vector. The form factors g i depend on the variable y = v · v ′ , which is directly related to the momentum transfer to the lepton pair. In terms of such form factors the semileptonic differential decay rates can be expressed as
2)
The heavy quark spin symmetry allows to relate the form factors g i (y) in (2.1) to a single function τ 1/2 (y) [16] through short-distance coefficients, perturbatively calculable, 1 There is also experimental evidence of beauty s P ℓ = 3 2 + states [25] .
which depend on the heavy quark masses m b , m c , on y and on a mass-scale µ, and connect the QCD vector and axial vector currents to the HQET currents. At the next-to-leading logarithmic approximation in α s and in the infinite heavy quark mass limit, the relations between g i and τ 1/2 are given by
3)
The µ-dependence is the same for all the functions C
i , where C i refer to the vector current and C 5 i to the axial one; therefore, one can extract such a dependence by writing [7] 
where
γ(y),
and r(y) = ln(y+
, is related to the velocity-dependent anomalous dimension of the heavy-heavy b → c current in HQET [4] . The coefficient Z hh , derived in [7, 9, 29] has the expansion, for n f = 3:
The next-to-leading-log expression of the coefficient functionsĈ
can be found in [7] . At the leading-log approximation they simply read:
a hh , with
, the coefficientsĈ
2 andĈ
3 being zero. From (2.3) and (2.4) it follows that the product K hh (y, µ)τ 1/2 (y, µ) does not depend on µ , and therefore a renormalization-group invariant form factor can be defined
hence, in (2.3) one can substitute C
i (µ) withĈ [16] . The main difference with respect to the Isgur-Wise form factor ξ(y) is that one cannot invoke symmetry arguments to predict the normalization of both τ 1/2 (y) and τ 3/2 (y), and therefore a calculation of the form factors in the whole kinematical range is required. As for τ 3/2 (y), a QCD sum rule analysis to the leading order in α s = 0 [30] gives τ 3/2 (1) ≃ 0.28 and ρ [31] [32] [33] [34] [35] . We do not consider here the problem of the role of radiative corrections to the function τ 3/2 , but limit our analysis to the case of τ 1/2 , for which a number of interesting information can be worked out.
In the next Section we briefly outline the basic points of the QCD sum rule method, as needed for the extension of the calculation of [30] to the next-to-leading order in α s .
III. FORM FACTOR τ 1/2 FROM QCD SUM RULES IN HQET
Following [7] , the determination of the universal function τ 1/2 (y) by QCD sum rules in HQET is based on the analysis of the three-point correlator [30] 2 The variables k, k ′ are "residual" momenta, obtained by the expansion of the heavy meson momenta in terms of the four-velocities:
, and remain finite in the heavy quark limit.
Using the analyticity of Π(ω, ω ′ , y) in the variables ω = 2v · k and ω ′ = 2v ′ · k ′ at fixed y, one can represent the correlator (3.1) by a double dispersion relation of the form
apart from possible subtraction terms. The correlator Π(ω, ω ′ , y) receives contributions from poles located at positive real values of ω and ω ′ , corresponding to the physical single particle hadronic states in the spectral function ρ(ν, ν ′ , y). The lowest-lying contribution is represented by the 0 − , 0 +q Q andqQ ′ states, i.e. B and D 0 . This contribution introduces the form factor τ 1/2 through the relation:
where µ is a renormalization scale and F (µ), F + (µ) are the couplings of the pseudoscalar and scalar interpolating currents to the 0 − and 0 + states, respectively, in the heavy quark theory:
F (µ) and F + (µ) are scale-dependent low energy HQET parameters, which do not depend on the heavy quark mass m Q or m ′ Q . In particular, F (µ) is related to the B-meson leptonic decay constant f B . The mass parametersΛ andΛ + identify the position of the poles in ω and ω ′ , and can be interpreted as binding energies of the 0 − and 0
The higher states contributions to ρ(ν, ν ′ , y) can be taken into account by a QCD continuum starting at some thresholds ν c and ν ′ c , and are modeled by the asymptotic freedom, perturbative spectral function ρ pert (ν, ν ′ , y) according to the quark-hadron duality assumption. Here, ρ pert is the absorptive part of the perturbative quark-triangle diagrams, with two heavy quark lines corresponding to the weak b → c vertex and one light quark line connecting the heavy meson interpolating current vertices in (3.1). At the next-to-leading order in α s , all possible internal gluon lines in such triangle diagrams must be considered.
Therefore, for the dispersive representation (3.2) in terms of hadronic intermediate states one assumes the ansatz
where, for simplicity, the dependence of the continuum contribution on the thresholds ν c and ν ′ c has been omitted. The correlator Π(ω, ω ′ , y) can be expressed in QCD in the Euclidean region, i.e. for large negative values of ω and ω ′ , in terms of perturbative and nonperturbative contributions:
In (3.7) Π np represents the series of power corrections in the "small" 1 ω and 1 ω ′ variables, determined by quark and gluon vacuum condensates ordered by increasing dimension. These "universal" QCD parameters account for general properties of the nonperturbative strong interactions, for which asymptotic freedom cannot be applied. The lowest dimensional ones can be obtained from independent theoretical sources, or fitted from other applications of QCD sum rules to cases where the hadronic dispersive contribution is particularly well known. In practice, since the higher dimensional condensates are not known, one truncates the power series and a posteriori verifies the validity of such an approximation. In our application we shall include the dimension three quark condensate and the dimension five quark-gluon mixed condensate, which are known rather reliably; we neglect the contribution of the gluon condensate, which always turns out to be numerically small in the analysis of heavy-light meson systems. The calculation of ρ pert and Π np at the next-to-leading order α s is described in the sequel.
The QCD sum rule for τ 1/2 is finally obtained by imposing that the two representations of Π(ω, ω ′ , y), namely the QCD representation (3.7) and the pole-plus-continuum ansatz (3.6), match in a suitable range of Euclidean values of ω and ω ′ . A double Borel transform in the variables ω and ω
(and similar forB τ ′ ) is applied to "optimize" the sum rule. As a matter of fact, this operation has two effects. The first one consists in factorially improving the convergence of the nonperturbative series, justifying the truncation procedure; the second effect is to enhance the role of the lowest-lying meson states while minimizing that of the model for the hadron continuum. The a priori undetermined mass parameters τ and τ ′ must be chosen in a suitable range of values, in the present application expected to be of the order of the typical hadronic mass scale (≥ 1 GeV ), where the optimization is verified and, in addition, the prediction turns out to be reasonably stable. After the Borel transformation, possible subtraction terms are eliminated and eq.(3.2) can be rewritten aŝ
Eq. (3.3) shows that the preliminary evaluation of the constants F (µ) and F + (µ) is necessary to exploit the sum rule for the determination of τ 1/2 . This calculation is discussed in the next Section.
The QCD sum rule determination of F + (µ) can be done by analyzing the correlator
whose dispersive representation takes contribution from the 0 +q Q pole It is straightforward to derive, at the next-to-leading order in α s , the contributions to the perturbative and non-perturbative parts of Ψ(ω ′ ). In the MS scheme one obtains
and, considering non-perturbative vacuum condensates up to dimension five,
where the relation <qg s σ · Gq >= m 2 0 <qq > has been used (m
). Consistently with the first order in α s considered here, we neglect perturbative corrections to the coefficients of the higher-dimensional condensates in (4.5) and (4.6). The scaledependence of the quark condensate is
where d = 12 33 − 2n f , n f is the number of "active" quarks and
The numerical value we use for the quark condensate at
Eq.(4.9) shows that, for the renormalization scale µ, hence for the argument of α s , of the order of a typical strong interaction scale, ≃ 1 − 2 GeV , the next-to-leading contribution to the perturbative part of the sum rule for F + is large, similar to the situation met in the case of F [8] [9] [10] .
A µ-independent constant F + ren can be defined, using eq. (4.9) and the relation between F + (µ) and the matrix element of the scalar current in full QCD, in the same way one defines a µ-independent leptonic constant F ren for the s [12] :
where, in the MS scheme,
From the above equations, a determination of F + (µ) and F + ren can be obtained, together with the parameterΛ + . The latter quantity, for example, can be evaluated by considering the logarithmic derivative of eq. (4.9) with respect to the Borel parameter τ ′ . With τ ′ in the range (1 − 2.5) GeV and the threshold ν ′ c in the range (2 − 3) GeV , and choosing Λ QCD = 380 MeV , we obtain forΛ + and F + ren the curves depicted in fig.1 . The corresponding predictions are:Λ
The expressions relevant to sum rule for the constant F (µ) in (3.4) referring to the (0 − , 1 − ) heavy meson doublet, are given by eq. (4.3) for the perturbative part, and by reversing the signs of (4.4-4.6) for the vacuum condensate contributions. An extensive analysis of this quantity can be found in [9] . We only repeat here the numerical calculation of [9] , using the same input parameters adopted for F + , and choosing the continuum threshold in the range ν c = 2 − 3 GeV. The result is
The difference ∆ =Λ + −Λ corresponds to the difference between mD and mD 0 , whereD and D 0 are the spin averaged states of the It is worth reminding that determinations of the leptonic constant F + at the order α s = 0 by QCD sum rules gave the result: F + = 0.46 ± 0.06 GeV andΛ + = 1.05 ± 0.5 GeV orΛ + = 0.90 ± 0.10 GeV [36, 37] depending on the choice of the interpolating currents. The difference with respect to the values in (4.11) is the effect of sizeable radiative corrections. However, as far as the determination of τ 1/2 is concerned, since radiative corrections affect both the three-point correlator, and the two-point functions determining the leptonic constants, it is still possible that a partial compensation occurs in the ratio determining the form factor; we shall see in the following that this is, indeed, the case.
Determinations of F + by quark models [38] give results in agreement with (4.11) when relativistic models [39] are employed: F + ≃ 0.6 − 0.7 GeV 3/2 . Conversely, lower values are obtained: F + ≃ 0.235 GeV 3/2 using non relativistic models [40] . The values in (4.11) and (4.12), or the equations corresponding to the respective sum rules, can be used as an input in (3.3) to determine τ 1/2 .
In order to calculate O(α s ) corrections to the perturbative part of the sum rule for τ 1/2 (y), one has to compute the two-loop diagrams depicted in fig.2 . Also the non perturbative term proportional to the quark condensate receives O(α s ) corrections, as discussed in Section VI.
On the other hand, consistently with the order in g s considered here and with the previous estimates of F + and F , radiative corrections to the contributions of higher dimensional condensates will not be included.
We start from the calculation of the perturbative part. As shown in [12] , it is useful to directly deal with the double-Borel transformed expressions of the integrals corresponding to the various diagrams, a procedure which considerably simplifies the resulting calculations. This is the strategy we follow here, keeping different values of the Borel parameters τ and τ ′ in (3.9). Adopting the standard dimensional regularization procedure, we compute the diagrams in D space-time dimensions, using the Feynman rules of HQET, and then we consider the expansion for ǫ = (D − 4)/2 → 0 + . At the order α s = 0 the expression for the Borel-transformed correlator (3.1) in the variables ω, ω ′ is given bŷ 1) where N c is the number of colours and V 2 (u) = u 2 + 2uy + 1; τ and τ ′ are the Borel variables related to ω and ω ′ , respectively. Eq. (5.1) shows that one has to perform the calculation with τ = τ ′ from the very beginning; a different situation is met in the case of the Isgur-Wise form factor ξ(y), where the choice τ = τ ′ is allowed by the symmetry of the three-point correlator, with a remarkable simplification of the analysis. The requirement of keeping different values of the Borel variables represents the main technical difficulty in this calculation.
In the following we give the results for the various diagrams in fig.2 , together with few details concerning the calculation; some useful formulae are collected in the Appendix. The overall computational strategy follows that adopted in [12] for the calculation of the α s corrections to the Isgur-Wise function ξ(y), and we refer to this paper for further details.
Let us first consider the diagrams D 1 , D 2 and D 3 , where the gluon has both vertices on the heavy quark lines. Applying HQET Feynman rules we obtain for the the diagram D 1 :
and, after double-Borel transform in the variables ω, ω ′ ,
. By a similar calculation, after borelization we obtain for the diagrams D 2 and D 3 :
(5.5)
Expanding (5.3)-(5.6) around ǫ = 0, and summing up the contributions ofD 1 −D 3 , we obtain:
where r(y) = ln(y + )
is the function already met in the expression of the Wilson coefficient in eq.(2.3), and the variable y ± is defined as y ± = y ± √ y 2 − 1; the function h(y, z) is
The expression of the diagram D 4 , involving the light quark self-energy, is
Integration over t is straightforward. The double-Borel transformedD 4 is immediately obtained:
which, after expanding around ǫ = 0, becomeŝ
The most difficult diagrams to compute are D 5 and D 6 , where the gluon has one vertex on the light quark line. Starting from the expression of D 5
and using the identity
one can write:
5 + D
5 , in correspondence to the above three terms. The first one, obtained by using
, is given bŷ
where it is worth noticing the nontrivial dependence on the Borel parameters τ and τ ′ . Eq. (5.14) can be simplified by integrating by parts the last integral
and by considering that, for D = 4 + 2ǫ, one can write 16) with the functions F 2 (z), F 4 (z) and F 6 (z) reported in the Appendix. Moreover, the first integral on the r.h.s. of eq. (5.15) can be evaluated by performing one more integration by parts and making use of the identity
with the result
(the expressions for the functions F 7 (z), F 8 (z) and F 9 (z) can be found in the Appendix). The resulting expression for D
5 (the corresponding contribution to D 6 can obtained analogously) appears rather simple, in spite of the involved expressions of the intermediate formulae; as a matter of fact, one haŝ
The contribution D
5 ,
after double-Borel transform, can be written is terms of a triple integral:
where:
τ ′ . The integral in (5.21) can be simplified by changing the variables:
and by integrating over λ, obtaining:
.
The corresponding contribution to D 6 can be obtained analogously. Also in this case it is important to notice the dependence on the ratio of Borel parameters τ and τ ′ . When we expandD (2) 5 andD (2) 6 in ǫ we obtain a quite simple result, namely: .25) and, for the sum i=1,2 (D
Let us finally consider the third contribution to D 5 : 27) where
(5.28)
The integral (5.28) can be related to simpler ones by using the identity [41, 12] 
(5.29)
After Borel transformation, the results for J (i) α , i = 1, 2, 3 are given bŷ
As for J (4)
α , it can be obtained as the result of a differential equation introduced in [42, 12] , which giveŝ
Summing up the four contributions one can write
The corresponding contribution to D 6 is obtained analogously. It is worth noticing that some of the integrals inD
6 require an expansion up to order ǫ 2 to take care of the D − 4 factor appearing on the l.h.s. of (5.29) .
Despite the involved structure of the expressions for the various terms inD
6 , the result for the sumD
6 is rather simple:
where one can notice that spurious 1 ǫ 2 terms cancel out.
D. Final result
The sum of the contributions of the diagrams D 1 − D 6 gives the result:
The important point to notice is the structure of the 1/ǫ singularity in (5.40), which does not depend on the Borel parameters τ, τ ′ . Eq.(5.40) represents, for all values of the Borel parameters τ and τ ′ the O(α s ) correction to the triangle diagram representing the correlator (3.1). In particular, in the limit τ ≃ τ ′ the expression can be simplified, givinĝ
where γ E is the Euler constant and
+ γ E − ln 4π; γ(y) was defined in (2.5), and h(y) = h(y, 1). In theMS subtraction scheme the γ(y), so that the finite part represents the correction to the Borel-transformed correlator we are looking for.
It is possible from eq.(5.41) to determine the spectral function ρ pert in (3.7) at the order α s , which is required to perform the continuum subtraction in the QCD sum rule analysis. After changing the variables in (3.9) to σ ± = ν ± ν ′ , and integrating in σ − , with integration limits 0 ≤ σ + ≤ +∞ and −rσ
), one is left, for τ ≃ τ ′ , with a function proportional to σ
Comparing (5.42) with (5.41) we get, withD 0 the α s = 0 term (5.1):
and therefore the spectral function ρ pert (ν, ν ′ , y).
VI. NON-PERTURBATIVE CONTRIBUTIONS AND FINAL SUM RULE
Once the perturbative contribution to the sum rule has been computed, one has to consider non-perturbative power corrections, and, as anticipated, we include the vacuum condensates up to dimension five.
The lowest dimensional term in the expansion of Π np in eq. (3.7) is the quark condensate <qq >. At the tree level, the Borel transformed result for this contribution is simply given byD
The O(α s ) correction to (6.1) is computed from eight diagrams obtained from those in fig.2 replacing the light quark line by the quark condensate contribution to the relevant propagator. The correction reads
with the notations previously defined. The calculation of the dimension five contribution is straightforward. Then, the final sum rule for τ 1/2 is
and
. Since the form factor τ 1/2 is defined by the matrix elements of weak currents in the effective theory, it depends on the subtraction scale µ, and the sum rule (6.4) clearly reproduces this feature. As discussed in Sect.II, and in analogy with the case of the Isgur-Wise function ξ, it is possible to remove the scale-dependence by compensating it by the analogous µ-dependence of the Wilson coefficients relating the b → c axial current in full QCD to the dimension 3 currents in HQET and by defining τ ren 1/2 as in eq. (2.7). This is the function we shall consider in our numerical analysis.
VII. NUMERICAL RESULTS
The numerical analysis of the sum rule for τ 1/2 can be carried out using the same input parameters adopted in Sect.IV for the determination of F + . In particular, we use the explicit expressions of the two-point sum rules determining the leptonic constants F + and F that appear in the pole contribution of eq.(3.3). We vary the threshold parameters in the ranges ν c = 2 − 3 GeV and ν ′ c = 2.5 − 3.5 GeV, obtaining an acceptable stability window, where the results do not appreciably depend on the Borel parameters, in the ranges around τ ≃ 1.5 GeV and τ ′ ≃ 2 GeV, respectively. The contribution of the nonperturbative term in the three-point correlator represents a small fraction of the total contribution; on the other hand, the α s correction in the perturbative term is sizeable, but it turns out to be partially compensated by the analogous correction in the leptonic constants F and F + . Notice that this is a remarkable result, not expected a priori since the normalization of the form factor, for example at zero recoil, is not fixed by symmetry arguments. The perturbative corrections, however, do not equally affect the form factor for all values of the variable y, but they are sensibly y−dependent, with the effect of increasing the slope of τ 1/2 with respect to the case where they are omitted.
The results for τ ren 1/2 (y) are shown in fig.3 , where the curves refer to various choices for the continuum thresholds. The region limited by the curves essentially determines the theoretical accuracy allowed by the present calculation.
Considering the y dependence, the limited range of values allowed by the mass difference between D and D 0 permits the expansion near y = 1:
A two-parameter fit to fig.3 , in terms of the normalization at zero recoil and the slope, gives τ 1/2 (1) = 0.31 ± 0.06 and ρ 2 1/2 = 1.5 ± 0.4. The inclusion of the quadratic term modifies the fit as follows:
which is the result we quote for our analysis.
The immediate application of this result concerns the prediction of the semileptonic B decay rates to D 0 and D * 1 . Using V cb = 3.9 × 10 −2 and τ (B) = 1.56 × 10 −12 sec, we obtain
This means that only a very small fraction of the semileptonic B → X c decays is represented by transitions into the s
+ charmed doublet. Although small, however, one cannot exclude that such processes will be identified, mainly at dedicated B-facilities which will be running in the near future. At present, the measurements of semileptonic B → D * * decays only provide data on the members of the s is reported.
VIII. CONCLUSIONS
We conclude observing that HQET has proven to be a powerful tool to handle heavy quark physics. However, predictions derived in this framework should always be supported by the computation of 1/m Q as well as radiative corrections. The role of both depend on the specific situation one is facing with. For example, they turn out to be important for the B meson leptonic constant, while they are moderate for the Isgur-Wise function, as derived in [12] . We have presented here the case of the universal form factor τ 1/2 (y) describing B semileptonic transitions to the excited J P = (0 + , 1 + ) charmed states, using QCD sum rules in the framework of HQET. As already shown in [12] , the computation of loop integrals results to be greatly simplified within HQET. The task of computing perturbative corrections to τ 1/2 (y) is justified by manifold interesting phenomenological features of orbitally excited states as well as by the many theoretical interests already mentioned. We have obtained a situation similar to the case of the Isgur-Wise function, namely radiative corrections are quite under control for τ 1/2 (y), while they affect considerably the value of the leptonic constant F + of the s ℓ = 1/2 doublet.
APPENDIX A: PARAMETRIC INTEGRALS
The calculation of the two-loop diagrams relevant for the form factor τ 1/2 essentially follows the analogous calculation for the Isgur-Wise function [12] , with the main difference represented by the need of keeping different Borel parameters, due to the non-symmetric nature of the problem at hand. We only recall here that, in momentum space, the Feynman rules of HQET [3] [4] [5] can be reduced to the heavy quark propagator 
(v E , s E obtained from the four-vectors v, s by a Wick rotation); in particular, (A2) is useful for the computation of the integrals after Borel transformation, sincê
The master integrals needed in the evaluation of the loop integrals can be found in [47, 44] .
Here we report a number of parametric integrals useful for the calculation of the Boreltransformed expressionsD 1 −D 6 : 
In F 1 − F 8 the combinations have been introduced:
where L 2 (x) is the dilogarithm. The integrals F 1 (z) − F 9 (z) coincide with those reported in [12] for z = 1. Finally, a useful identity needed in the calculation of D
5 , D
6 is 
